Chloroplast DNA (cpDNA) restriction fragment length polymorphisms (RFLPs) were analyzed to assess genetic variation and relatedness among selections of North American and Eurasian leafy spurge. Leafy spurge accessions from Nebraska, Montana, Russia, Italy, and Austria were evaluated. Total DNA was extracted from young leaves and digested with the restriction endonuclease, EcoRI. CpDNA fragment patterns were determined by Southern blot analysis using mung bean cpDNA probes. Colinearity between the mung bean and leafy spurge chloroplast genomes was indicated by the observation that common fragments were hybridized by adjacent probes. Minimum estimates of chloroplast genome size for the five leafy spurge accessions, which ranged in kilobase size from 130 to 132, were within the size range of most terrestrial plants. Structural collinearity and reasonable estimates of chloroplast genome size provided evidence that the mung bean cpDNA library was suitable for characterizing leafy spurge cpDNA. Seven of the 13 mung bean probes hybridized to polymorphic leafy spurge cpDNA fragments. Based on number of polymorphisms unique to each Eurasian accession, the Austrian accession appeared to be most divergent followed by the Italian and Russian. The North American accessions seem to be most closely related to each other and to the Russian leafy spurge accession. Nomenclature: Leafy spurge, Euphorbia esula (L.) #3 EPHES; mung bean, Vigna radiata L. Additional index words: Chloroplast restriction fragment length polymorphism, genetic diversity, genetic relatedness, EPHES.
have made leafy spurge in North America a candidate for biological control.
Biological control of leafy spurge has had limited success because of an incomplete understanding of the Eurasian origins of leafy spurge found in North America (7, 11, 28) . Researchers became aware of the importance of establishing this relationship when it was discovered that insects collected in Austria and Switzerland rejected North American leafy spurge as a host (11) . This observation suggested that candidate biological control organisms should be collected from areas of Eurasia with the same genotype(s) of leafy spurge found in North America.
The genetic relationship between leafy spurge in North America and Eurasia has not been established. There has been little success using morphological traits (7), cytogenetic measurements (33), and analysis of secondary chemical compounds (12, 14, 16, 37) as criteria to determine this relationship.
Attempts to classify leafy spurge using morphological traits have confused, rather than clarified, the relatedness of North American and Eurasian leafy spurge. The same leafy spurge specimen was identified as E. virgata Wald. & Kit. (17), as E. esula L. (40) , and E. waldsteinii (Sojak) (27) . It was suggested that the characteristics used to differentiate between E. esula and E. virgata merged such that the species were indistinguishable (1). Most of the 19 morphological traits used to distinguish between 39 accessions of leafy spurge from the United States, Canada, and Austria were inadequate as criteria to establish relatedness (7) .
Cytogenetic studies conducted to determine the relationships within Euphorbia spp. in North America and Eurasia also were found to be unsatisfactory (33) . Classification of the polyploids present within the North American complex of leafy spurge was weakened because the progenitors were unknown. Progenitors must be known to establish chromosome associations before cytogenetic classification can be utilized (10) .
Micromolecular chemosystematic criteria used to differentiate among members of the leafy spurge complex include variation in epicuticular waxes (16) and latex chemical composition (12, 14, 37) . Five leafy spurge biotypes had similar hydrocarbon composition and differed mainly in triterpenoid content (16) . Latex samples analyzed by Curiepoint pyrolysis-gas chromatography coupled with multivariate analysis techniques have been used in an attempt to characterize accessions of leafy spurge (37). This method was able to separate E. esula from E. cyparissias but did not clearly differentiate North American biotypes of leafy spurge.
Latex triterpenoid composition was highly variable and could not be used to discriminate between 27 Montana and 15 European leafy spurge accessions (12). The basis of triterpenoid inheritance and influence of environment on 63
This article is a U.S. government work, and is not subject to copyright in the United States. triterpenoids must be understood before latex triterpenoid composition could be reliably used as criteria to distinguish among leafy spurge biotypes (14) . 
RESULTS AND DISCUSSION
Total leafy spurge DNA, digested with EcoRI, yielded cpDNA fragments that strongly hybridized to each of the mung bean cpDNA probes. A total of 60 cpDNA restriction fragments from each accession were visualized using the thirteen labeled mung bean cpDNA probes. EcoRI fragments that share regions of homology to adjacent mung bean probes were visualized twice in this analysis. Eight fragments hybridized by adjacent probes were judged to be overlapping fragments. Therefore, we estimate that each accession has 52 unique EcoRI cpDNA fragments. : 4a and 4b, 7 and 8, 8 and 9, 11 and 12. Leafy spurge cpDNA size was estimated by summing the sizes of all nonoverlapping fragments (fragments that were not hybridized by two adjacent mung bean probes). Minimum 10DNA labeling and detection kit. Boehringer Mannheim Biochemicals, Indianapolis, IN. estimates of chloroplast genome size for the five leafy spurge accessions examined ranged from 130 to 132 kb. This is within the size range of 120 to 160 kb that has been established for most land plants (18) . Structural colinearity and reasonable estimates of chloroplast genome size provided evidence that the mung bean cpDNA library was suitable for characterizing the leafy spurge cpDNA. Polymorphisms among leafy spurge accessions. Examples of monomorphic and polymorphic cpDNA fragment patterns are shown in Figure 2 . RFLPs were detected in five regions of the leafy spurge cpDNA ( Table 2 ). Seven of the 13 mung bean cpDNA probes hybridized to polymorphic leafy spurge cpDNA fragments. Probes 10 and 11 shared regions of homology and identified the same polymorphic fragments, while probes 7 and 8 and probes 11 and 12 hybridized with overlapping polymorphic fragments (Figure 1) . Variation in cpDNA EcoRl fragments detected with probes 5, 7 or 8, 9, 10 or 11, and 11 or 12 can be explained by addition/deletion or rearrangement events. The Austria accession of leafy spurge was the most divergent accession evaluated. There were seven polymorphisms between the cpDNA of the Italy and Austria accessions and six polymorphisms between the Austria and Montana, Nebraska, and Russia accessions ( Table 3 ). EcoRIgenerated fragment pattems of cpDNA of leafy spurge accessions from Montana and Russia were identical (Table 3) . CpDNA from the Nebraska leafy spurge accession differed from the Montana and Russia accessions by a single unique fragment detected by probe 9 ( Table 2 ). This fragment was 100 base pairs larger in the Nebraska accession.
Analysis of cpDNA restriction fragment patterns provided evidence for colinearity between the mung bean and leafy spurge chloroplast genomes. The arrangement of probes in the mung bean chloroplast genome and regions of colinearity between mung bean and leafy spurge cpDNA are shown in Figure 1. Colinearity was indicated by the observation that common fragments were hybridized by each pair of adjacent probes
Results of this study provided information about RFLPs in the cpDNA of five leafy spurge accessions. Based on structural colinearity and reasonable leafy spurge cpDNA size estimates, the mung bean cpDNA probes were appropriate for characterizing leafy spurge cpDNA. Identification of polymoxphic fragments among the 52 unique EcoRI cpDNA fragments demonstrated that genetic differences exist among the five leafy spurge accessions evaluated. While morphological, micromolecular chemosystematic, and cytogenetic approaches to measuring genetic relationships within the leafy spurge complex have been largely unsuccessful, RFLP analysis of cpDNA promises to be a valuable technique for establishing the Eurasian origin of leafy spurge in North America.
Information gained from this work facilitates future studies which will include: determination of the mode of plastid inheritance in leafy spurge, development of a leafy spurge cpDNA map using additional restriction endonucleases, and identification of specific cpDNA probes and restriction endonuclease combinations for rapid assessment of genetic relatedness witiin and across populations of Eurasian and North American leafy spurge. Chloroplast inheritance is predominantly maternal in higher plants; therefore, cpDNA RFLP analysis will provide a significant amount of information about maternal lineage. Work is currently underway to use the randomly amplified polymorphic DNA technique to examine the variation in nuclear DNA. Establishing these genetic relationships will be essential for developing successful biological control programs. With this information, collection of biocontrol agents (insects and pathogens) could Table 3 . Number of cpDNA polymorphisms detected among leafy spurge accessions. 
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